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(54) Electronic scanning array antenna 

(57) In an electronic scanning type array antenna device, the circuit is constituted to be able to select a case in which any 
one antenna unit out of a plurality of electronic scanning type array antenna units 4/- 4m Is operated to form a radiation 
pattern, or a case in which any two or more, including all, antenna units out of the plurality of electronic scanning type array 
antenna units are operated to form a radiation pattern; thereby a radio beam can be scanned in a desired direction in a wide 
range with a smaller number of antenna elements and phase shifters In comparison with that of a conventional device. 




CONTROL 
CIRCUIT 



SELECTION 
CI RCUIT 



26 



COMPOSITION/ 
DISTRIBUTION 
SWITCHING 
CIRCUIT 



FIG. 5 



SELECTIVE SWITCHING 
CIRCUIT 



^7 0 



O 
CD 

ro 

CO 
IV) 

cn 

CO 



BEST AVAILABLE COPY> 



FIG. 2 ■« 



BEAM DIRECTION 
T — 



FIG. 3 




AZIMUTH 
|SCAN ANGLE 

SCAN ELEVATION 
ANGLE 



FIG. 4 



106 




102 



\ AZIMUTH 
SCAN ANGLE 

SCAN ELEVATION 
ANGLE 



FIG. 5 




SELECTIVE 
SWITCHING 
CIRCUIT 



T 1 



SELECTIVE 
SWITCHING 
CIRCUIT 



PLANE 
SELECTION 
CI RCUIT 



CONTROL 
CIRCUIT 



8 



26 



COMPOSITION/ 
DISTRIBUTION 
SWITCHING 
CIRCUIT 



SELECTIVE SWITCHING 
CIRCUIT 



^7o 



FIG. 6 




FIG. 7 




SELECTIVE 
SWITCHING 
CIRCUIT 



p 



SELECTIVE 
SWITCHING 
CIRCUIT 



PLANE 

SELECTION 

CIRCUIT 



13a 



26 



COMPOSITION/ 
DISTRIBUTION 
SWITCHING 
CIRCUIT 



COUPLER 



COUPLER 



13b 



SELECTIVE SWITCHING 
CIRCUIT 



7o 



J 



14 



'JUDGMENT 
CIRCUIT 



FIG. 9 




CONTROL 
CIRCUIT 



SELECTIVE 
SWITCHING 
CIRCUIT 



P 



SELECTIVE 
SWITCHING 
CIRCUIT 



PLANE 
SELECTION 
CIRCUIT 



26 



COMPOSITI ON/ 
DISTRIBUTION 
SWITCHING 
CIRCUIT 



.SELECTIVE SWITCHING 
CIRCUIT 



16 



VARIABLE 
ATTENUATOR 



13 



VARIABLE 

PHASE 

SHIFTER 



COUPLER 



T 

17 



6^ 



FIG. 



10 



LEVEL 

f LEVEL 




OFFSET ANGLE 



ELECTRONIC SCANNING TYPE ARRAY ANTENNA DEVICE 



5 



10 



The present invention relates to an antenna device 
for transmitting or receiving radio waves to or from an 
aimed object, especiaily to improvements in an electronic 
scanning type array antenna device to be used in the 
field of radars or satellite communications. 
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Fig. 1 is a block diagram showing an example of 
switching array antenna device which is an example of 
constitution of a conventional electronic scanning type 
array antenna device; in the figure, 1 (i = 1 to m, 
j - 1 to n) i. a number j antenna element in a number i 
electronic scanning type array antenna unit; 2 (i = i 
15 ■ to m, j = 1 to n) is a phase shifter for changing the 

Phase of an exciting signal for the antenna element l. j; 
3 ± (i = 1 to m) is an antenna element composition/ 
distribution circuit for distributing an exciting signal 
to an antenna element 1^ of a number i electronic 
20 scanning type array antenna unit or for composing the 
signals from the antenna elements l ±1 - l to form a 
receiving signal; 4 ± (i = 1 to m) is an electronic 
scanning type array antenna unit comprising antenna 
elements l n - l in , phase shifters 2 ±1 - 2 ±n and an 
25 antenna element composition/distribution circuit 3.; 



- 1 - 



6 is a Plane selection circuit which selects one unit 
out of . units of electronic scanning type array 
antennas 4 and receives/transits a signal from/to the 
selected unit, 8 is a control circuit which processes 

the phase shift quantities -j-o • 

4 unities to be given to the phase 

shifters 2 to direct a radio beam to a desired direction, 
and executes selective control of the plane selection 
circuit 6; and , is an input/output terminal of signals. 

A transmitting operation will be expl ained as an 
example of operations in the following. Upon processing 
-formation about the direction of a beam, the control 
circuit 8 selects one unit out of m units of electronic 
scanning type array antennas 4 with the plane selection 
circuit 6. A signal input to the input/output terminal 
9 is transmitted to an antenna element composition/ • 
distribution circuit 3 . of an electronic scanning type 
array antenna unit 4, selected by the plane selection 
circuit 6, and it is distributed to n antenna elements 
hi - X in b * the antenna element composition/distribution 
circuit 3. and the distributed signals are radiated into 
the space from the antenna elements - i At this 

time, phase shift quantities * n - expressed by the 

following equation (1), are given to phase shifters 
2 il " 2 in for individual antenna elements 1^ - l 
controlled by the control signal from the control " 
circuit 8, and the signals radiated from the antenna 
elements l n - l^ are composed in the space to form a 
radio beam to be radiated in a desired direction. 
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where e p is a position vector expressing the 
position of a „ antenna element 1. .. e i. a u 
in f ho „• *3 ~r 8 Unit v ector 

the Section or the beam; % } is an ^ 

P-auct or these two vectors; ana X is . free . space 
wavelength of a radio wave ^ be 

The electric fieXd intensity ^ (9 , w is expressed 
by the equation (2) as shown below. 

Ei *' = X A i *j (9 ' « ^ (2), 

where A. is the amplitude of an exciting signal 
which excites the number J antenna element 1 . . with the 
antenna element composition/distribution circuit 3., and 
9.) (6, *) expresses the directivity of number j antenna 
element 1^. 

The directivity of an antenna element g. (8, +) is 
approximately expressed as an exponential function of 
cosines, and the amplitude becomes small at a large 
angle, so that the beam scanning angle of an electronic 
scanning type array antenna unit 4 ± i s delimited; 
therefore when there is a need to scan a radio beam in a 
wide range such as the case of mobile communication, a 
plurality of electronic scanning type array antenna 
units < x - 4 m are used to cover the necessary scanning 
range in a conventional electronic scanning type array 
25 antenna device as shown in Pig. i. 
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Fig. 3 is an example showing the beam coverage in 
the case of mobil e communication; in the figure, 10 
Ci - 1 to m, show individual beam coverages of m unL 
of electronic scanning type array antennas 4; 12 shows 
a desired beam coverage. In the exalnple shown in ^ 
figure, seven units of electronic scanning type array 
antenna units V - 4? are needed to cover the desired 
beam coverage 12. In an example ag ^ ^ ^ ^ ^ 

number of antenna elements 1 of an electronic scanning 

type array antenna unit is increased to widen the 

coverage and six units of electronic scanning type 

array antenna units 4,-4 ar *> «o^~i j. 

'1 6 are needed to cover the 

desired range. Usually, an electronic scanning type 
array antenna unit comprises several tens of antenna 
elements, and in some case it comprises thousands of 
antenna elements, when a wide range has to be covered 
as in the case of mobile communication, a plurality of 
antenna units as mentioned in the above are needed; 
■therefore a large number of antenna elements 1 and a 
large number of phase shifters 2 are needed, as a result 
there occurs a problem that both weight and size of the 
device become large. 

The present invention is invented to solve the 
problem in a conventional device as mentioned in the 
above. An object of the present invention is to provide 
an electronic scanning type array antenna device in 
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which the number of antenna elements and phase shift 
is decreased, and a beam can be scanned in a wide rang 
with a small sized, light weight device. 

An electronic scanning type array antenna device ■ 
according to the present invention comprises a plane 
selection circuit for selecting any one unit out of a 
plurality of electronic scanning type array antenna 
units to supply a signal to it or to receive a signal 
from it, and a composition/distribution switching 
circuit for supplying exciting signals to any two or 
more, including all, antenna units out of these plural 
number of electronic scanning type array antenna units 
or composing the signals from these antenna units to 
form a receiving signal, whereby a single unit, a 
15 plurality of units, or the total number of units which 
are desired to be operated can be selected out of these 
electronic scanning type array antenna units to form a 
radiation pattern in which a beam is scanned in a 
desired direction. 
20 The above-mentioned object and other objects and 

new features of the present invention will be made 
clearer by reading the following detailed description 
referring to the appended drawings. But the drawings 
are solely illustrative and not restrictive, so that the 
25 scope of the present invention is not limited by them. 



Fig. 1 is a block diagram showing a conventional 
electronic scanning type array antenna device; 
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2 is a coordinate system di agram showing a 
vector expressing the position or an antenna element 
and a vector expressing the direction or a heam of an 
antenna element; 

Fig. 3 and Fig. 4 are charts showing the beam 
coverages of a conventional electronic scanning type 
array antenna device; 

Fig. 5 is a block diagram showing an electronic 
scanning type array antenna device according to an 
embodiment of the present invention; 

Pig. 6 is a chart showing the beam coverage of an 
electronic scanning type array antenna device according 
to the present invention; 

Fig. 7 is a block diagram showing an electronic 
scanning type array antenna device according to another 
embodiment of the present invention; 

Fig. 8 is a chart showing an example of radiation 
patterns of the device shown in Fig. 1- 

Fig. 9 is a block diagram showing an electronic 
scanning type array antenna device according to the 
third embodiment of the present invention; and 

Fig. 10 is a chart showing an example of radiation 
patterns of the device shown in Fig. 9. 

Now an embodiment of the present invention will be 
described referring to the drawings. Fig. 5 shows an 
electronic scanning type array antenna device according 
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to an embodiment of the present invention; in the 
fi^re 1.. (i-lto», j.-iton) is a number j 
antenna element of a number i electronic scanning type 
array antenna unit; 2.. Ci - 1 to », i . 1 to n) i. . 
5 Phase shifter for changing the phase of an excitation 
signal for exciting the antenna element l. j? 3. (i . i 
to m) is an antenna element composition/distribution 
circuit for distributing excitation signals to antenna 
elements l n - or for composing the signals from 

10 antenna elements 1^ - of the number . eIectronic 

scanning type array antenna unit; 4. (i = 1 to m) is an 
electronic scanning type array antenna unit comprising 
antenna elements 1^ ^ l^, phase shifters ^ _ 2 ^ ^ 

an antenna element composition/distribution circuit 3 , 

i' 

15 6 is a plane selection circuit which selects any one 
unit out of m units of electronic scanning type array 
antenna 4 and receives transmits a. signal from/to the 
selected one; 26 is a composition/distribution switching 
circuit for supplying excitation signals to an arbitrary 
number of array antenna units including the total number 
of array antenna units out of m units of electronic 
scanning type array antennas 4 or for composing the 
signals received from the above-mentioned array antenna 
units 4 to form a receiving signal; 7 is a selective 
25 switching circuit for selecting the plane selection 
circuit 6 or the composition/distribution switching 
circuit 26; 8 is a control circuit for processing the 
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Phase shift quantities to be given to the phase 
shifters 2 for directing the beam to a desired 
direction, and for controlling the switching of the 
Plane selection circuit 6 and the selective switching 
circuit 7; and 9 is an input/output terminal of a 
signal. 

Fig. 6 shows an example of beam coverages of an 
electronic scanning type array antenna device, 10 i 
(i = 1 to m) shows each of the beam coverages of m units 
of electronic scanning type array antennas 4; 11 ± j k 
shows a beam coverage when electronic scanning type' 
array antenna units 4., 4 jf 4 R , ... are operated and 
their signals are composed; and 12 is a desired beam 
coverage (in.the figure there is shown a case where 
15 m o 4) . 

Next, a transmitting operation will be described as 
an example of operation. At first, the information of a 
desired beam direction is processed in the control 
circuit 8, and then it is judged that in which beam 
coverage among the beam coverages shown in Fig. 6 the 
desired beam direction lies: i.e., among beam coverages 
10 1 " 10 m each of wnich is obtained when any one unit of 
electronic scanning type array antennas 4 is operated, 
beam coverages 11^ and 11^ 3 each of which is obtained 
25 " when two units of electronic scanning type array antennas 
4 are operated, and a beam coverage 11. - - A which is 
obtained when all m units of electronic scanning type 
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array antennas « are operated. Based on the judgment 
the plane selection circuit 6, and the selective 
switching circuits 7a and 7bi <i = 1 to m) are operated. 
When a desired beam direction lies in the beam ' 
5 coverage 10. (i - 1 to ra) which ^ ^ ^ ^ 

unit of electronic scanning . type array antenna 4. out of 
» units of electronic scanning type array antenna's 4 i s 
operated, a signal input to the input/output terminal 9 
is transmitted by the selective' switching circuit 7a to 
10 the plane selection circuit 6 which selects one unit out 
of m units of electronic scanning type array antennas 4, . 
and from the plane selection circuit 6 the signal .is 
transmitted to the selected electronic scanning type 
array antenna 4. according to the signal from the control 
15 circuit 8. The signal is distributed to n phase 

shifters 2 U - 2 in by the antenna element composition/ 
distribution circuit 3 ± of the array antenna 4 ± , and 
these signals are radiated into the space through n 
antenna elements 1^ - 1^. At this time, each of these 
phase shifters 2^ - 2 in is respectively given a proper 
phase shift quantity by the control signal from the 
control circuit 8, and the signals radiated from n 
antenna elements are composed in the space to be a beam 
having a directivity in the desired direction. 
25 When the desired beam direction is in .the beam 

coverage H ifi+1 (in Fig. 6, 11^ 3 and 11^) which is 
obtained when two electronic scanning type array antenna 
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units 4 L and 4. +1 are operated, a signal input to the 
input/output terminal 9 is transmitted to the 
composition/distribution switching circuit 26 by the 
selective switching circuit 7a and it is distributed to 
two units of electronic scanning type array antennas 4. 
and 4 i+1 through two selective switching circuits 7bi 
and 7 bi+l' Each of these distributed signals is 
further divided into n signals with the antenna element 
composition/distribution circuit 3 i or 3 ±+1 of the 
electronic scanning type array antenna 4. or 4, +r and 
each group of the n signals is supplied to n antenna 
elements l ±l - and to the other n antenna elements 
1 (i+l)l " 1 (i+l)n throu ? h n phase shifters 2^ - 2 in 

and the other n phase shifters 2,.,,,, - 2 t . 

(i+l)l (i+l)n, 

respectively, and they are radiated into the space from 

the antenna elements. At this time, proper phase shift 

quantities are given to 2n . phase shifters 2. - 2 

il in 

and 2 (i+l)l " 2 (i+l)n by contro1 signals from the 
control circuit 8; therefore the signals radiated from 
2n antenna elements, 1^ - l. n and 1 (±+1)1 - l (i+1)llf 
are composed in the space to be radiated in a desired 
direction. 

When the desired beam direction is in the beam 
coverage H 1#2f 3( ? . (in Fig. 6, ll lf2<3f4 > which is 
obtained when all m electronic scanning type array 
antenna units 4 are operated, a signal input to the 
input/output terminal 9 is transmitted to the 
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.composition/distribution switching circuit 26 by the 
selective switching circuit 7a and the divided signals 
are distributed to all m electronic scanning type array 
antenna units 4 through the selective switching circuits 
7 bl ~ 7 bm' respectively. These distributed signals are 
transmitted to the composition/distribution circuits 3 
of an electronic scanning type array antennas 4, and the 
signals are further distributed to antenna elements 1 
through phase shifters 2 by the antenna element 
composition/distribution circuits 3 to be radiated into 
the space. At this time, proper phase shift quantities 
are given to phase shifters 2 by control signals from 
the control circuit 8; therefore the signals radiated 
from m by n antenna elements 1 are composed in the space 
15 to form a beam to be radiated in the desired direction. 

In the case of a receiving operation, a signal is 
transmitted in the reverse direction and the signal is 
output from the input/output terminal 9. 

The present embodiment makes it possible to 
arbitrarily select not only one but also two or all of 
m units of electronic scanning type array antennas 4, 
thereby realizing an electronic scanning type array 
antenna device which is able to scan a wide range with a 
smaller number of antenna elements and phase shifters 
25 comparing with that in a conventional device. (For 

example, in the present embodiment the number of antenna 
elements and phase shifters is decreased to 
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four-seventh (4/7, as seen from the comparison between 
Fig. 6 and Fig. 3.) 

The composition/distribution switching circuit 26 
for composing and distributing the signals from/to two 
or ail of . units of electronic scanning type array 
antennas 4 in the above embedment, may be replaced with 
a circuit for composing and distributing the signals 
from/to any two or more, or all of . units of electronic 
scanning type array antenna units 4. 

In Fig. 7, there are provided couplers 13a and 13b; 
one takes out a part of a composed signal of any one 
unit out of m units of electronic scanning type array 
antennas 4 transmitted from the plane selection circuit 
6, and the other one takes out a part of a composed 
15 signal of any two or more, or all of m units of 

electronic scanning type array antennas 4 transmitted 
from the composition/distribution switching circuit 26; 
and a judgment circuit 14 which compares the values of 
the signal levels from the couplers 13a and 13b. 

Fig. 8 shows an example of radiation patterns of 
the device shown in Fig. 7. The field intensity level 
at the beam center of a radiation pattern 20a of a 
composed signal of any one unit out of m units of 
electronic scanning type array antennas 4 is lower than 
25 that of a radiation pattern 20b of a composed signal of 
all m units of electronic scanning type array antennas 4 
but the beamwidth of the pattern 20a is wider 
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than that of the pattern 20b, and in the range outside 
the offset angle ± 9 c the level of the pattern 20a 
becomes rather higher than that of the pattern 20b. 

When a beam is directed to . target> there ^ 
an angle error caused by environmental conditions or by 
the error of a sensor; if the angle error is larger than 
the 6 c , a composed signal of any one unit out of m units 
of electronic scanning type array antennas 4 is selected 
by the judgment circuit 14 and by inputting the 
resultant information to a control circuit 8 one of the 
composed signals having higher receiving level is 
always selected. 

Fig. 9 shows a constitution in which an auxiliary 
signal is taken out by selecting any one unit out of m 
units of electronic scanning type array antennas 4 with 
the plane selection circuit 6 apart from the main 
signal; there are provided in the signal path a variable 
attenuator 16 and a variable phase shifter 17 in which 
the attenuation quantity in passing through and the 
' phase shift quantity in passing through can be varied, 
further a coupler 13 is provided which is to couple the 
auxiliary signal to a main signal output from the 
selective switching circuit 7a. 

Fig. 10 shows a radiation pattern 20c of the main 
signal, a radiation pattern 20d of the auxiliary signal 
and a radiation pattern 20e of the main signal 
superimposed with the auxiliary signal. For example, 
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the radiation pattern 20d of an auxiliary signal output 
from the plane selection circuit 6 is formed" so that 
its main beam can be generated in the direction 9, where 
a side lobe of the main signal is found by controlling 
the phase shifter 2 with the control circuit 8; the 
field intensity level is adjusted to be identical to 
that of the main signal radiation pattern 20c in the 
direction 6 d by controlling the variable attenuator 16 
with the control circuit 8; and the phase angle is 
adjusted to have a phase difference of 180 degrees from 
that of the main signal radiation pattern in the 
direction 9 d by controlling the variable phase shifter 
17 with the control circuit 8. when the main signal 
radiation pattern 20c is superimposed with the auxiliary 
signal radiation pattern 20d in the coupler 13, the main 
signal radiation pattern 20e superimposed with the 
auxiliary signal radiation pattern is output from an 
input/output terminal of signals. In this case, a null 
point is generated in the direction 8 d , therefore it is 
possible to decrease side lobes, to decrease the effect 
of unnecessary reflected waves, or to remove the. signal 
from a pseudo-target. 

As described in the above, an electronic scanning 
type array antenna device according to the present 
invention is so constituted that a signal is supplied to 
or received from arbitrarily selected one, two or more 
or all of electronic scanning type array antenna units 
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to be operated, thereby decreasing • 

7 aeCteasin 5 ln number of antenna 
events ana phaS e shifters . Aocordingly ^ device 

OWnSi26d ^ made "** and aleo has a wide 

beam scanning range. 

It WU1 or course be understood that the present 
— " "~ da bove purely by ^ I 

iiz\r that modifications °* detai1 - - - 

within the scope of the invention. 
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WHAT IS CLAIMED IS: 



1. An electronic scanning type array antenna 

^ device having desired directivity and gain obtained by 
supplying each of signals whose phases are arbitrarily 
controlled by respective phase shifters to respective 
antenna elements disposed on an arbitrary plane through 
said respective phase shifters, comprising: 

a plurality of electronic scanning type array 
antenna units, each of which includes a plurality of 
antenna elements, phase shifters for controlling the 
phases of signals each of which excites said antenna 
elements respectively, and an antenna element 
. composition/distribution circuit for distributing and 
supplying exciting signals to antenna elements in 
transmission, and for composing the signals from the 
antenna elements into a received signal in receiving; 

a plane selection circuit for supplying an 
' exciting signal to any one unit selected out of said 
plurality of electronic scanning type array antenna 
units in transmission, and for receiving the received 
signal from the selected antenna unit in receiving; 

a composition/distribution switching circuit 
for distributing and supplying exciting signals to any 
two or more, including all, units selected out of said 
plurality of electronic scanning type array antenna 
units in transmission, and for composing received 
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signals from said selected antenna units into a 

receiving signal in receiving; 

a selective switching circuit for selecting 
one of the signals from said plane selection circuit 
and from said composition/distribution switching 
circuit? and 

a control circuit for controlling said phase 
shifters, said plane selection circuit, said 
composition/distribution switching circuit and said 
selective switching circuit. 

2 * ta electronic scanning type array antenna 

device according to claim 1, further comprising a 
judgment circuit for level comparison between the two 
signals: said received signal from said unit selected 
out of the plurality of electronic 'scanning type array 
antenna units and said received signal composed of the 
signals from said two or more, including all, units 
selected out of the plurality of electronic scanning 
type array antenna units, 

3. An electronic scanning type array antenna 

device according to claim 1, further comprising: 

a variable attenuator to which a part of said 
received signal from the unit selected out of the 
plurality of electronic scanning type array unit by the 
plane selection circuit, is supplied as an input signal, 

- 17 - 



and which variably attenuates said input signal under 
control of a control signal from said control circuit; 

a variable phase shifter which varies a phase 
of attenuated signal supplied thereto from said variable 
attenuator under control of a control signal from said 
control circuit; and 

a coupler **ich couples a phase shifted 
signal output from t*J> triable phase shifter together 
with said received signal from the selected unit. 

4 - ^ electronic scanning type array antenna 

device substantially as hereinbefore described with 
reference to and as shown in Figures 5 and 6 or Figures 
7 and 8 or Figures 9 and 10 of the accompanying drawings. 
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